Abstract: This research examines a subjective Bayesian model's ability to predict organizational change outcomes and sustainability of those outcomes for project teams participating in a multi-organizational improvement collaborative.
D
iscouraging outcomes reported for organizational change efforts have been a pressing concern to practitioners and researchers. As a result, a considerable amount of energy has been expended on management seminars, research, and publications regarding this subject in recent decades. Despite these efforts, organizational change success rates have been identified to be as low as 18 percent. 1 A valid predictive tool of organizational change efforts could be used to identify failing projects and guide organizations on how to make success more likely. Two groups have provided insightful observations regarding specific factors that impact organizational change: organizational researchers [2] [3] [4] and practitioners. 5, 6 Neither group has quantified the uncertainty associated with the factors influencing organizational change efforts, and thus neither group can reliably predict change outcomes. A formal model capable of predicting or guiding organizational change outcomes is needed. This article will describe the development and application of a subjective Bayesian model intended to predict organizational change outcomes. The application setting was a multi-organizational quality improvement collaborative designed to improve the delivery of cardiovascular services. The model was first tested for its ability to predict the degree of success/failure in adopting organizational changes that lead to improved clinical outcomes or operational efficiency. This is consistent with the model's original intention. In a more rigorous test, the ability of the model to predict implementation success and sustained use of changes made for two years will be investigated as well. The performance of the model and insights gained through this research regarding implementation adoption and sustainability will be discussed.
SUBJECTIVE BAYESIAN MODEL DEVELOPMENT AND CONTENT
Organizational change outcomes are difficult to predict because organizations are complex systems with as many as eighty different variables impacting the result. 1 Bayesian models have emerged as a valid technique to model complex systems using probability statistics. statistics in the form of regression or ANOVA analysis. Frequentist models describe inference or association, not probability of success or failure. Accordingly, frequentist statistics indicate if leadership staff support of a change is associated with change outcomes, while probability statistics will state likelihood of success versus failure if leadership supports a change. A weather forecaster using frequentist statistics would say, ''there is a chance of rain,'' and with probability statistics would say ''there is a 60 percent chance of rain.'' The Bayesian approach used in this research predicts the probability of success compared to the probability of failure for an organizational change project.
Development of a subjective Bayesian model possesses two primary phases: factor selection and model quantification (e.g., assigning the factors individual weights of importance). The two most common approaches for selecting factors and model quantification are through the use of either empirical or subjective data. Empirical data are obtained from past studies and subjective data from experts within the field of application. Empirical data can be optimally applied to a predictive model when it comes from a study containing similar factors and environmental circumstances as those described in the predictive model. Finding an exact empirical study match is difficult in multifactorial organizational research and such data can be considered unreliable if applied out of context. 9 The strength of subjective data lies in its ability to be customized to the specific circumstances. For instance, a subjective model was used to simulate the impact that various national health insurance proposals would have on the cost to operate a community health center, migrant health center, and maternal and infant care program in the Bureau of Community Health Services. 9 Subjective data's weakness is individual biases and cognitive errors that can diminish their validity. 10 Subjective decision theoretic models, which control for individual bias and cognitive errors, can generate valid models when using a validated process.
The development of the Organizational Change Model (OCM) model followed the integrative group process technique (Table 1) . 9 This process has generated several valid subjective Bayesian models. 9, 11, 12 The OCM's development and first field tests can predict the success of organizational change efforts. 13 
MODEL DEVELOPMENT: FACTOR SELECTION
The definition of success used to guide model factor selection was, ''It was considered a successful implementation if a change was implemented and maintained for six months after implementation and, after that time, had the support of both management and staff'' (Step 1). A peer nominated panel including four organizational change theoreticians respected for their organizational change research and three practitioners with broad experience in change efforts conducted factor selection (Step 2). The initial step of factor selection was to interview the experts by phone to solicit the factors they perceived would lead to a successful implementation and the variable states or levels of influence they would expect with each identified factor. These factor levels represented strong positive influence, minor influence, and strong negative influence. For example, in the final model the factor describing ''funding'' had three levels:
Factors from all experts were combined with factors found in the literature to generate a straw model of over 100 unique factors (Step 4). Each factor contained level definitions for each of the three levels. Next, the experts were convened in a group setting and
Levels Definition
Highest rating (strong positive influence)
Leaders committed money to support both problem exploration and implementation. Middle rating (minor influence):
Either no money was needed or external source of funds was found. Lowest rating (strong negative influence):
No money was committed and no external source is available.
TABLE 1
Steps of Integrative Group Management (IGP)
Factor Selection
Step 1: Propose outcome definition.
Step 2: Select group of experts.
Step 3: Experts construct initial straw model (telephone interviews).
Step 4: Revise the straw model (retreat setting-rs).
Step 5: Use profiles to finalize model factors (rs).
Model Quantification
Step 6: Assure the factors are independent.
Step 7: Assign likelihood odd ratios to the model factors (rs).
Step 8: Identify sources of inconsistency in likelihood odd ratios (rs).
Step 9: Finalize likelihood odd ratios for the model (rs).
Step 10: Assign a priori odds for model (rs).
consensus was used to reduce the list of factors to only the most vital factors. Once the consensus model was developed, 100 hypothesized case profiles were used to finalize the model factors. The case profiles included all selected factors and a level for each factor was randomly generated (see Figure 1 for example). Experts independently rated the probability of success for each hypothetical case profile. Results were compared, and where experts differed substantially, they were asked to discuss and explain the differences (but not reach consensus), and then individually ''re''-estimate the probability of success of the profile (Step 5). This process allowed the experts to identify and understand differences they had in their change outcome predictions and determine if the factors in the model needed revision. Revisions that could occur are factor elimination or redefinition of factor levels (e.g., highest, middle, or lowest rating). The expert selected factors, and their level definitions, are listed in Table 2 . For organizational purposes, the factors have been organized by three groupings: external environment, organizational environment, and change microsystem. These groupings were based on a synthesis of organizational theory and research and emphasize the different structural levels perceived to be influential in assuring organizational change.
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MODEL QUANTIFICATION
The Bayesian approach uses probability statistics to model complexity by taking into account the overall system's historic performance (e.g., prior odds in Bayesian nomenclature), while simultaneously modeling specific factors that have been found to impact system performance (e.g., likelihood odds). For instance, Bayesian modeling is used to predict a complex system, tomorrow's weather temperature, by first taking into account historic temperatures and then integrating the effects of present barometric pressure, wind velocity, humidity, etc. The mathematical formula used in the model was the odds form of Bayes' theorem.
Prior odds = [P(S)/P(F)] where ''S'' is successful implementation and ''F'' is failed implementation. This metric gives a preliminary estimate of the chance that organizational change will be successful without any knowledge of the conditions or circumstances that surround the organizational change effort. Likelihood odd ratios = [P(D 1i |S)/P(D 1i |F)] is the probability of datum given success, over the probability of datum given failure. This indicates the extent the datum (or ''value measure'' as used in Table 2 ) will modify the prior odds. The posterior odds = [P(S|D 1i )/P(F|D 1i )] is the probability of success given all datum over the probability of failure given all datum. This is the model's prediction. Team experienced problem first-hand and know it well.
Team has neither experienced problem first-hand nor talked with customers. They have no data proving problem severity.
Personally experienced customer need.
Have no data to prove severity. Have data on severity.
Did not involve customers.
Advantages to staff and customers
Parties involved clearly understand the solution, feel it has many more advantages than disadvantages, and meets their needs well.
The parties do not understand the solution and do not see its advantages or disadvantages or how it meets their needs.
Clearly understand the solution, but believe it does not meet their needs and has fewer advantages than disadvantages.
Flexibility of design
Proposed solution can (without hurting effectiveness) be easily modified to make it more appropriate for the setting.
Design can be modified and still be effective, but it will be difficult (either for political or technical reasons).
Design is very difficult to modify without hurting its effectiveness.
Complexity of implementation plan
Implementation plan is very simple; all understand it.
Plan is complex but everyone understands it.
Plan is vague and complex.
Implementation schedule and task assignment are detailed and clear. The simple odds form of Bayes' theorem can be rendered invalid if individual factors in the model are not independent of each other or are correlated. Total independence of factors in complex systems is very difficult and low levels of dependence between factors will not jeopardize the validity of the model. 17 In the integrative group process, lack of independence can be identified when it is noted by participants that the presence of one factor automatically eliminates the possibility for another to be present. Lack of independence likely occurs between OCM factors such as ''Mandate'' and ''Resources.'' A study of the model's ability to predict organization change in 412 organizations found the model to be valid. This suggests that lack of independence has not compromised the model's ability to predict the success or failure of a change project. 13 
ENVIRONMENT OF STUDY
The multi-organizational Cardiovascular Surgery Improvement Collaborative began in 1996 and was completed in 1997. Thirty-four organizations voluntarily enrolled in the consortium and paid a participation fee. The collaborative was led by a group of expert faculty who had successful change experience within the topic area. The expert group used their experience to endorse a list of proven for changes organizations to consider adopting to maximize performance. The collaborative had three meetings separated by implementation periods. At these meetings, participants gained knowledge on potential changes and coaching on change management strategies. During the implementation period, new knowledge was applied and change strategies executed.
The change management paradigm used in the collaborative is the ''model for improvement.'' 18 The ''model for improvement'' requires the participant to develop an improvement objective or aim and a feedback measure to track progress. Small improvement cycles known as ''tests for change'' are run until changes are witnessed in organizational sub-systems. These tests Coaching is available.
Coaching is available.
Monitoring and feedback
A specific method exists to get honest staff and customer feedback and use it to improve the management.
No system to obtain and use staff and customer feedback.
No feedback system exists.
Data on performance of new process will be collected.
But organization has culture of open communication with staff.
Communications with staff are strained.
Will collect performance data.
No management performance data collection is planned.
*Not included in pre-test (analysis will use post-test data).
can also be used to pilot ideas and fine-tune an innovation before it is disseminated more widely. The ability to fine tune changes has been found to be a significant factor in predicting the success of an innovation across a variety of industries. 1 Following the pilot test phase, successful changes were then adopted across operations. The collaborative participants were from mid-size, large, university, and governmental hospitals geographically dispersed throughout the United States. The organizational objectives were diverse with clinical, efficiency, and cost goals being present (Table 3) .
METHODOLOGY
The research's purpose was to evaluate OCM model's accuracy in predicting implementation success and sustainability within the collaborative change projects.
Pre-test model data were collected by having organization improvement teams complete the OCM at the midpoint of the collaborative. The mid-point was used because, in the collaborative process, this typically is when organizations are either developing or just beginning to implement their changes. The pre-test survey solicited information needed to assign the model's likelihood ratios, which in turn are multiplied with the prior odds to calculate the posterior odds. The posterior odds estimate was used to evaluate the model's ability to predict change outcomes.
The researchers possessed two assessments of implementation outcomes: organizational self-reports and faculty ratings. The self-report assessment was obtained by contacting the organization two years after collaborative completion. The person who completed the organization's survey was required to have intimate knowledge of their organizations' cardiovascular surgery system before and after the collaborative. Organizations were assured complete confidentiality; only the senior author reviewed the individual responses. Twenty-five of the possible thirty-four organizations completed both the pre-test and the self-reported post-test evaluation resulting in a completion rate of 73.5 percent. In posttest, organizations were asked to rate their level of success at implementing changes using a scale of huge success, success, failure, or huge failure. Respondents were provided a token stipend for post-test participation in the study. As a second implementation outcome measure, the collaborative faculty, using a consensus approach, rated the success of each organization. Their ratings used a five-point scale ranging from ''nonstarter'' to ''outstanding, sustainable results'' (Table 4) . Actual scores ranged from 1 to 4.5. Self-reported and faculty scores were standardized and then combined, using an additive model. The model will be tested for model fit by regressing the standardized score against the models' log transformed posterior odds. 19 Due to the multiplicative nature of the Bayes' theorem, the posterior odds can extend over a wide range. The posterior odds can be transformed with a log function to shorten the range and normalize the data. 9 The ability to not only implement changes but also to sustain improvements made in the collaborative was also evaluated. In the self-reported post-test survey organizations were asked if the improvements made continue today (yes or no)? The ability of the OCM to predict implementation and then sustainability success was tested using a logistic regression with a binary logit model. 20 
RESULTS
Twenty of the twenty-five organizations had self-rated their change project as a success or huge success (Table 5) . A lack of concordance occurred between self-report and faculty assessments twice due to faculty scores being greater than self-rated scores. The regression results suggested the association between the implementation outcome variable and the models' posterior odds was significant at .05 (p < .001). The model possessed an adjusted r 2 of .47 (Table 6 ). And the relationship between the implementation outcomes and the log transformed posterior odds is pictorially illustrated in Figure 1 .
Participants were also asked how well they were able to sustain gains. Seventeen of the twenty organizations that had a self-reported success rating felt they had completely maintained this progress. The organizations that had implementation success and indicated yes to having had completely maintained progress were given a positive sustainability rating and all others a negative. For the relationship between the log transformed posterior odds and the organization's sustainability rating, the maximum re-scaled r 2 was .13. The odds ratio was not significantly different than 1 at the .05 level.
DISCUSSION
The OCM, built using subjective opinion instead of traditional empirical evidence, was intended to be a model to predict short-term change outcomes (e.g., within six months of implementation). It was projected that the use of theoretician and practitioner expert input, when collected to control for biases, would create a valid model. Results are encouraging for the model and development process due to the association between the model's predicted score and observed data being significant (p < .0001).
While the model had success at predicting implementation, the model could not predict sustainability. One reason for the failure to predict sustainability may due to the timing of the collection of pre-test data. Emerging theory in the field of individual behavior change is beginning to draw a distinction between outcome expectancy and outcome realization. Outcome expectancy is part of most major individual change behavior theories. 21 It describes the anticipated expectations an individual has regarding a change and is used to project adoption and sometimes sustainability. The experience one has with using the change plays an instrumental role in predicting maintenance of the change. 22 This distinction suggests that the OCM may be valid in predicting sustainability if applied shortly after the change has been implemented, but not before. This would allow the experiences the organization has with the change to be factored into the assessment.
Another possibility for the inability of the OCM to predict sustainability may be that factors that predict adoption may in fact differ from those that predict sustained use. A decision theoretic model was recently developed to predict the likelihood sustaining a change. 23 This model had many of the factors found in the OCM model like leadership support, use of a champion, flexibility of design, funding, and advantages to staff. Factors that differed were the ability for staff to ''reverse'' the change, the amount of pressure being applied by forces external to the organization to sustain the change, and evidence of effectiveness of the change.
Lastly, the failure of the model to predict sustainability may have easily resided in the measure used. The measure, whether or not the improvements continue today (yes or no), was insensitive to moderate or partial sustainability. Additionally, the measure lacked the rating by an observer external to the organization as was present in evaluating implementation outcomes.
The Cardiovascular Breakthrough Series project was self-rated as successful by 80 percent of study participants. Other research submits that the ''success rate'' of change projects is approximately 18 percent. 7 The improvement sequence began with twenty-five organizations. Of the twenty that self-rated themselves as successful, seventeen sustained all changes. Thus, 68 percent (17/25) of the organizations in the collaborative successfully made ''significant'' changes and sustained all changes two years post collaborative completion. The nature of the collaborative improvement approach acts to activate many dimensions of the OCM model; perhaps leading to the comparatively high success rate. For example, the collaborative model typically encourages top-level management to stay involved in the change process and collaborative entrance fees could have motivated participants. However, while the leadership factor appeared important to most organizations, some organizations were able to achieve success with no identifiable senior leadership support. Some clinical champions within cardiovascular services who Outcome Score Description fulfilled the typical roles of the senior leadership may have caused this situation. It is projected, in other change contexts, that the need for senior leadership could be more pronounced. It also points out the importance of clinical leadership ''closer to home'' for changes occurring in clinical departments. Another factor to consider is the collaborative model provides a rich diversity of potential changes an organization can adapt to their improvement needs, the relative advantages of the changes are made clear, and simplified implementation of these changes is stressed. The use of the ''model for improvement'' may allow an organization to test and refine these changes in order to adapt to organizational needs.
Notable weaknesses in the study design were a small sample size and the use of self-report data. While the response rate was 73.5 percent, the sample size of twentyfive cases limited the power of the statistical calculations for the evaluation of the OCM model and the collaborative improvement method. For a case-controlled trial, we felt twenty-five organizations were sufficient to provide initial results. Self-report data have been criticized in a variety of settings as being inaccurate. 24, 25 Future studies could avoid criticisms of self-report by using valid measures that are collected by the organization continuously.
The research, while providing encouraging results for the OCM model and investigated collaborative improvement approach, has limited generalizability due to the confinement to one collaborative, addressing one-disease area. The published works by the Institute for Healthcare Improvement [26] [27] [28] and colleagues 29 have described many positive case examples achieved by the collaborative improvement model. These publications are based on collaboratives that included voluntary participants motivated enough to pay an entrance fee. A further test of the rigor of this approach would be to test it in a public setting that includes all organizations from a defined geographic regardless of motivational intent. An example of this would be statewide initiative to reduce hospitalbased nosocomial infections. Public initiatives including all providers from a given area are needed to achieve broad application of emerging evidenced-based practices aimed at improving patient health and safety. The further validation tests of the collaborative model should be conducted. Because if the collaborative improvement is proven to be a generalizable approach for initiating and sustaining change, the model could be used to address many of the pressing issues in medicine where there is a gap between evidence and common practice.
The potential generalizability of the OCM model as predictor of change success is beginning to emerge. Another study 14 demonstrated the model's validity in a data sample that included 221 healthcare organizations and addressed a variety of change topics across a variety of disease states. The OCM model can be modified to other national cultures. 30 Should the OCM model continue to prove to be reliable as well as valid, this predictive model could have several applications. It could be used prior to a project to evaluate readiness, during a project to identify pending weaknesses, and in the organizational-wide setting to identify common shortcomings in the organizations' change management paradigm. The whole discipline of sustained use of organizational changes, not just adoption, deserves greater attention as well. The current research and literature set on this subject is extremely limited.
Subjective decision theoretic models, the OCM, and collaborative improvement methods all represent tools that could potentially improve health care delivery by strengthening decision making, facilitating the broad adoption of evidence-based practices, and spreading improvement technologies. This article presents one study on these subjects and further studies are encouraged and necessary for a health care service delivery system in need of innovative approaches capable of improving this public institution and the health of those it serves.
